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Hyperammonaemia is an established cause of episodic encephalopathy and may be the manifestation of a variety of disorders including liver disease, congenital bladder defects treated by ureterosigmoidostomy, inborn errors of metabolism and drug toxicity (references in discussion). We wish to report three patients who experienced hyperammonaemic encephalopathy. These cases illustrate the importance of considering hyperammonaemia as a cause of encephalopathy; indeed, two of the patients had experienced previous episodes of encephalopathy before the correct diagnosis was made.
CASE REPORTS
Case 1 A 44-year-old man was admitted to hospital following a 3 day history of nausea, vomiting, loose stools, cough, confusion and finally coma. He was pyrexial, 38' 5°C, and tachypnoeic without any evidence of meningism: general medical examination revealed dehydration and a laparotomy scar. Neurological examination demonstrated generalized hyper-reflexia with bilateral extensor plantar responses. A contrasted CT head scan and lumbar puncture were normal but his EEG showed markedly abnormal symmetricaland widespread slow waveabnormality consistent with encephalitis or a metabolic encephalopathy. A haematological and biochemical screen, including liver function tests, were normal except for an elevated urea of 15·4 mmollL and a respiratory alkalosis. His chest X-ray was normal.
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A presumptive diagnosis of encephalitis was made and he was treated with intravenous acyclovir and later anticonvulsants to control subsequent generalized and left-sided focal seizures. He improved considerably over the ensuing 3 days before making a full recovery a week later and was discharged home on phenytoin 200 mg daily. It later transpired that he had been born with bladder extrophy and had subsequently undergone colonic reimplantation of ureters in infancy.
There was no history of excess alcohol intake and he had not taken any hepatotoxic drugs.
Four months later, he was readmitted having developed influenza-like symptoms following which he had become slow, nauseated, unsteady and dysarthric. He had had a coarse tremor for the previous fortnight. On examination, he was apyrexial, orientated and he responded slowly though appropriately to questions and commands. He was dysarthric, had limb and gait ataxia, and showed asterixis (a flapping tremor). He had increased tone and hyper-reflexia though both plantar responses were flexor. An EEG showed a moderate generalized abnormality with no epileptiform activity. His biochemical screen demonstrated a respiratory alkalosis (pH 7' 56) but no other abnormality.
He improved spontaneously and during his recovery his plasma ammonia was found to be elevated at 148 /LmollL (normal range < 35). He continued to improve and was treated with neomycin and a low protein diet. His ammonia concentration continued to fall and a repeat EEG 8 days later showed a considerable improvement.
It transpired that he had experienced a similar, though milder self-limiting episode 2\1'2 years before but had remained at home. An intravenous pyelogram (IVP) demonstrated healthy kidneys with no evidence of pyelonephritic changes. A repeat plasma urea was normal. He had an ileal conduit fashioned and since that time has not experienced any further neurological symptoms.
His serum ammonia eventually fell to within the normal range.
Case :1 A 79-year-old woman was admitted for investigation of a spastic paraparesis. Eighteen years previously she had undergone a cystectomy and ureterocolonic implantation for chronic cystitis. She had remained well on sodium bicarbonate 500 mg bd and Sando K 2 tablets bd. On admission her biochemical profile, including liver function tests, were normal.
During her admission, she became unwell with diarrhoea, vomiting and drowsiness. Biochemical investigations revealed a compensated hyperchloraernic respiratory alkalosis (pH 7'45). Despite rehydration, antibiotics and correction of acid base imbalance, her level of consciousness deteriorated without any other neurological changes.
A contrasted cr head scan was normal and subsequent myelography revealed an extra-medullary intra-dural lesion at T6. An EEG revealed high amplitude triphasic sharp waves in keeping with the diagnosis of a metabolic encephalopathy. The plasma ammonia was 147 J.lmol/L, the faecal pH was 8· 7 with an ammonia level of 1280 units (arbitrary units, control sample, < 10).
She was commenced on neomycin and a low protein diet with a high fluid intake. Four days later there had been no improvement in her mental state and the plasma ammonia had risen further to 170 J.lmol/L. She was then given intravenous sodium benzoate which, by diverting endogenous protein metabolism away from the urea cycle enzymes, allows enterally derived ammonia alone to be metabolized by these enzymes. Subsequently, her plasma ammonia fell to 33 J.lmolfL, faecal ammonia to 160 units and faecal pH to 6' 1.
Maintenance treatment with lactulose was unsuccessful as her plasma ammonia started to rise with an accompanying deterioration in conscious level. Further bowel sterilization with ciprofloxacin was successful with a return to normal plasma and faecal ammonia levels, normal faecal pH and normal mental function. This state was maintained and she successfully underwent a laminectomy to remove a spinal meningioma. She did not drink alcohol and had not taken any hepatotoxic drugs.
Case 3
A 64-year-old woman was admitted in coma following a 5 day history of malaise, dehydration Ann Clin Biochem 1993: 30 and a 24 h history of impaired memory, confusion and stupor. She was apyrexial and no neck stiffness was noted. She had roving eye movements and was unresponsive to stimuli. The pupils were small and the fundi were normal. All four limbs moved spontaneously and muscle tone was increased. In the arms the reflexes were brisk but the leg reflexes were absent with bilateral extensor plantar responses. There was a midline incision over her lumbar spine with some bony deformity of the sacrum. She was sedated and transferred for a CT scan which showed bilateral cerebral oedema and extensive leptomeningeal enhancement. A small quantity of CSF was obtained, under mannitol cover, but the pressure was not recorded. The CSF was acellular and the protein concentration was normal. She had cloudy urine but bacteriological investigation was negative as she had already been treated with antibiotics. A presumptive diagnosis of viral encephalitis was made and she was treated with intravenous acyclovir; subsequently intravenous benzylpenicillin and chloramphenicol were added.
A review of her past records showed that she had been born with a myelomeningocoele which was closed shortly after birth. Myelography at the age of 52, for stress incontinence and recurrent cystitis, had showed some posterior tethering of the neural structures to the arch of L4. Opinion at the time suggested her two litre bladder, impaired sacral sensation, absent knee and ankle jerks and bilateral extensor plantar responses were a consequence of her spinal dysraphism, Seven years previously, during a urinary tract infection, she had an episode of unexplained coma from which she had made a spontaneous recovery. There had been no history of excess alcohol consumption and she had not taken any hepatotoxic drugs.
In view of the spontaneous recovery from a similar episode of coma, she was allowed to emerge from her sedation. She regained consciousness spontaneously during the following 12 h. Her haematological screen was normal except for an elevated white cell count of 19· 2 X 10 6 /L, Tests of renal function revealed a modestly elevated plasma creatinine of 124 J.lmol/L. Liver function tests were normal. Within 72 h she had made a full recovery. Her antibiotics were stopped but the acyclovir was continued on an empirical basis. A further 3 days later a plasma ammonia level was found to be elevated at 42 J.lmol/L. A repeat CT head scan revealed a reduction of the cerebral oedema.
DISCUSSION
Hyperammonaemia resembles hepatic encephalopathy clinically but can occur without obvious liver disease.' Previous studies have reported patients who have undergone ureterosigmoidostomy and subsequently developed encephalopathy.2-4 A proposed mechanism for hyperammonaemia involves the increased production of ammonia in the colon from bacterial ureolysis! and its systemic absorption, the bowel wall being more permeable to ammonia than the bladder mucosa."
Although the CT head scans were normal in the first two cases, diffuse brain swelling and excessive leptomeningeal enhancement has been reported1 and out third case is a further example of this. The cause for both the brain swelling and the enhancement remains unclear.
Other causes of hyperammonaemia include hepatic disease," urea cycle enzyme deficiencies.P' Reye's syndrome," congenital intrahepatic and extrahepatic shuntslO,1l and valproate induced toxicity." However, it is important to remember that in liver disease there is a lack of correlation between the serum ammonia concentration and the degree of neurological impairment. 13 The first patient presented with a relapsing and remitting neurological disorder the cause of which did not become apparent until after the third episode. The second patient was suspected of having hyperammonaemia following the development of encephalopathy and we believe that the admission to hospital altered the balance of colonic bacteria with the emergence of a dominant urea-splitting organism. The third patient had a previous episode of unexplained coma and it is presumed that her urological dysfunction predisposed to infection, resulting in increased production of ammonia which was not adequately metabolized. The latter may reflect an otherwise asymptomatic defect in hepatic function. For example, normal women who are carriers of a mutant ornithine carbamoyltransferase allele are at risk for hyperammonaemic coma, especially during the puerperium. 7 Hyperammonaemia should be considered in any patient presenting with symptoms suggesting an encephalopathy who has a history of urological dysfunction that resulted in ureterosigmoidostomy or who has any of the above mentioned predisposing causes, and even in patients who do not have an obvious predisposing pathology.
